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Abstract
Assuming that the structure formation processes of stone-mastic asphalt (SMA), and, consequently, its physical and mechanical 
performance, is greatly influenced by the interaction of bitumen with stabilizing additives surface, it was confirmed theoretically 
and experimentally that polyamide fiber has a high reactivity to organic binder due to the chemical nature of the fiber, which has 
a positive effect on SMA quality. It was also demonstrated that when using pulp-and-paper waste as raw material for 
producing granular stabilizing additives their origin should be taken into consideration. The additive produced from cardboard
keeps bitumen on its surface much better, which allows receiving SMA with higher performance than when using other cellulosic 
source materials.
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1. Introduction
The work was performed as part of the competition in 2014 projects oriented basic research on interdisciplinary 
topics, conducted jointly by the Russian Foundation for Basic Research (RFBR) and the Government of the 
Belgorod region under contract number 14-41-08027 NC / 14, as well as the state task Ministry of Education and 
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Stone mastic asphalt (SMA) is a material designed specifically for making top layers on roads with high traffic of 
transport [1-3].
The specificity of stone mastic asphalt concrete composition and structure implies the mandatory presence of 
hard cuboid-shape rubble, "voluminous" bitumen and a small amount of stabilizing (usually fiber) additive, for the 
disperse reinforcing of a binder, as main structural components. Empirically it has been found out that the best 
stabilizing effect is shown by specially prepared natural cellulosic fibers. 
Initially, the so-called free cellulose fibers, chopped and "feathered" in a special way, were used as a stabilizer. 
However, it was found out that despite their high stabilizing effect free fibers have some serious drawbacks: high 
hygroscopy, the hindered distribution of free fibers in the mixer, the clumping tendency, high probability of 
scorching when free fibers fall onto superheated inert material in the mixer [4].
The next evolutionary step in the development of stabilizers was the appearance of three kinds of granular 
additives: granules consisting of pure cellulose, granules containing paraffin additives (wax, stearin) to reduce 
hygroscopicity of granules, and granules, in which each cellulosic fiber has bituminous coating. 
At the Russian market there are both domestic and imported stabilizing additives by various manufacturers.
The stabilizing additive TOPCEL (topcel) is a granular material, containing 95% of cellulose fibers and 5% of 
wax, covering the granules [5].
The widespread acceptance was gained by a product called «VIATOP» [6]. It consists of bitumen-impregnated 
wood pulp in the shape of granules with bituminous covering, which prevents clumping of the material under the 
influence of moisture.
An alternative to wood pulp is cellulose made of bast-fiber crops, particularly flax. The authors of work [7] have 
developed a new technology of obtaining a stabilizing additive based on flax pulp.
The granular stabilizing additive for stone-mastic asphalt presented in [8], includes an organic binder (tar, 
bitumen or bitumen emulsion) and a structure-forming agent (cotton production waste).
There is a widely known stabilizing modifier - rubber thermo-elastoplast – which contains polymeric component, 
rubber crumb, bituminous binder, surfactant and antioxidants taken in a certain ratio. [9]. One of the additives of 
domestic production is a granulated stabilizer (GS) Hrizotop [6]. This additive is made of mineral fibers (chrysotile). 
Research work [10] considers the possibility of using microcellulose fiber as a stabilizing additive. The French 
company Vectra has developed and implemented technologies of using glass fiber scraps as an additive [11], as well 
as producing a granular stabilizing additive of fibrous magnesium silicate hydrate [12]. In Germany the strong 
synthetic fibers were used as a stabilizer [13]. In [14-15] it is also suggested to use synthetic fibers waste, to improve 
quality and uniformity of stone mastic mixture.
2. Purpose and problem statement
The purpose of work is to determine the nature of influence of mechanical activation in different grinding units 
on the reactivity of dispersed silica-containing materials. 
To achieve this goal the following tasks were set: 
x to investigate the interaction of mechanically activated mineral powders with bitumen and to develop effective 
asphalt compositions; 
x to assess the impact of mechanical activation of particulate materials on the physical and mechanical properties 
of asphalt concrete. 
3. Objects and methods of research
The objects of research are stabilizing additives made of polyamide fiber scraps (PF additive), pulp and paper 
waste of various origin and traditional stabilizers VIATOP and TOPCEL for comparison.
The study of physical and mechanical properties of SMA were performed on samples of stone mastic asphalt-
concrete mixture of the continuous grading, produced and tested according to standard procedures. To ensure the 
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constant particle size distribution of asphalt mixes, the mineral materials were pre-dispersed, and then for each batch 
the mineral mixtures were made of these individual fractions. Bitumen of mark 60/90 was used in the tests.
4. The findings of the research 
As a stabilizing additive, it is recommended primarily to use short homogeneous cellulosic fiber material 
containing at least 50 % of fibers 0.5-1.9 mm of length. The suitability of other untested fibers (acrylic, mineral, 
glass, rubber powder, polymeric) is recommended to be substantiated on test base [16].
One of the main factors, influencing the structure-formation processes of SMA and ensuring the quality of road 
pavement, is the interaction of bitumen with the stabilizing additive surface. The strong adhesion ensures the high 
physical-mechanical properties and durability of material.
The differences of surface properties of fibrous materials substantially affect the nature of sorption processes at 
the interaction with bitumen. Selecting a fibrous material having a high sorption capacity is the first step to creating 
stone-mastic asphalt with the desired properties.
As a raw material for stabilizing additives there may be used polyamide fibers or the waste (scraps) obtained at 
their production. 
The chemical formula of polyamide fiber provides its high adsorption capacity. 
The PF additive contains an amide group NH2 in its macromolecules.
The polar nature of the amide bond makes them more reactive to various polar agents, so the fiber can interact 
with aromatic structures of bitumen by donor-acceptor mechanism; with the temperature increase the rate of these 
reactions accelerates.
The hydrogen in amide groups can be substituted by alkyl and other radicals contained in bitumen, for example:
Fig. 1. Amide group
The end groups of fibers' macromolecules are carboxyl and amine groups, which are also active to bitumen 
components. For example, the interaction between aromatic structures in bitumen and NH2 amine group can occur. 
The carboxyl groups can form chemical bonds with compounds containing - OH, -C = O, - COOR groups, with 
basic nitrogens; they can also form hydrogen bonds with benzene nuclei electrons and with non-polar electron pairs 
of heteroatoms. Furthermore, macromolecules of polyamides, according to the literature [17], have a flat zigzag 
conformation, and heating which occurs in the process of SMA production, contributes to the appearance of free 
radicals in macromolecules, which can initiate the formation of grafted and cross-linked structures, which will 
contribute to further reinforcement of a composite and improvement of its physical-mechanical characteristics.
Cellulose fiber can interact with bitumen preferably by means of hydroxyl groups:
Ɉɇ3+](OCOR)Ɉɇ[ɋRCOOH3+](OH)Ɉɇ[ɋ 2nn3276nn3276 o
(1)
It was also found out that the concentration of exchange adsorption sites on the surface of PA fiber, as determined 
by method [18], is 2.9, and 2.5 times higher than on the surface of VIATOP and TOPCEL fibers respectively, which 
also contributes significantly to adsorption processes.
All the above said suggests that the surface of a polyamide-fiber stabilizing additive will absorb and keep more 
bitumen than the surface of cellulose fibers.
The amount of bitumen, chemically bonded to fiber surface, determined by the difference of adsorption and 
desorption of bitumen of various concentrations dissolved in benzene [19], has confirmed the assumption.
As follows from the findings of research given in Tab. 1, at 3 % concentration of bitumen in benzene solution, on 
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a PA fiber there was adsorbed by 50 % larger amount of binder than on a TOPCEL fiber, at 6 and 9 % concentration 
of bitumen in the solution - by 20 and 25 %, respectively.
Table 1. Adsorption of bitumen on the surface of fibrous materials
Type of fiber Bitumen content in benzene solution [%] Adsorption [kg bitumen / kg fiber * 10-3]
PF additive 1 27.9
3 32.8
6 33.6
9 36.6
VIATOP 1 13.0
3 27.0
6 30.2
9 32.6
TOPCEL 1 19.2
3 21.8
6 27.9
9 29.3
Thus, the researched fibrous additive adsorbs with its surface a substantially larger amount of bitumen than the 
conventional imported cellulose stabilizers, which allows providing the lowest binder runoff index and high 
physical-mechanical properties of SMA.
The findings of IR spectrometry research have confirmed that bitumen actively interacts with polyamide fibers, 
as evidenced by the shift in 1550 cm-1 range, characterizing the deformation vibrations of N - H - bonds, by 
reduction of the amount of aromatic hydrocarbons (1600 cm-1) and by the formation of aromatic amines (1650 cm-1). 
In the process of bitumen interaction with cellulose fibers such changes are not observed.
As the interaction of bitumen, mineral materials and fibers is a decisive factor of structure formation in stone-
mastic asphalt, the peculiarities of this interaction precondition the most important properties of SMA: strength in a 
wide temperature range, intensity of aging, corrosion resistance, etc. There is reason to believe that the polyamide 
additive will improve physical-mechanical and operational performance of stone-mastic asphalt concrete.
The results of SMA-10 physical and mechanical properties research are given in Tab. 2. It is seen in the table that 
stone-mastic asphalt concrete with polyamide fiber as a stabilizing additive has an advantage.
Table 2. Physical-mechanical properties of SMA-10
Parameter Value of GOST 9128-2013 PF additive VIATOP TOPCEL
Water saturation of samples [%] by weight 1.00 – 4.00 1.75 2.03 2.4
Compressive strength [MPa]: at temperature 
ɋ
ɋ
ɋQRPRUHWKDQ
0.65
2.20
-
1.95
5.17
9.90
1.63
4.84
9.70
1.45
4.51
9.80
Water resistance at the prolonged water 
saturation, no less than 0.85 0.96 0.91 0.88
At comparing properties of SMA with PF, VIATOP and TOPCEL additives it is evident that the mixture with the 
studied additive has the best studied physical and mechanical characteristics. Thus, for example, the ultimate 
compressive strength of SMA samples with a fiber additive increases at  20 °C by 7 - 15% as compared with 
TOPCEL and VIATOP additives, and at a temperature of 50 °C - by 20 and 34% respectively.
Water resistance of a mix with industrial PF waste is also higher than those with conventional additives, which 
should positively affect the durability of coating.
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Water saturation of samples with the PF additive is lower than of mixes with TOPCEL and VIATOP additives by 
16 and 57 %, respectively.
The thermal stability coefficient ( 500 RR ) of SMA with PF additive has lower values than those with 
conventional additives, which indicates the high performance of the composite at both low winter and high summer 
temperatures.
Thus, the use of polyamide fiber waste as a stabilizing additive for SMA production allows obtaining higher 
physical and mechanical characteristics than when using cellulose stabilizers, which is conditioned by the high 
reactivity of polyamide fiber to bitumen.
The pulp for stabilizing additives production may be of various origins, especially when using pulp and paper 
waste (PW) as source material [20].
The aim of the next section of this work was to research the effect of granular stabilizing additive obtained from 
pulp and paper waste of various origin: cardboard, newsprint, drawing paper on the properties of SMA. There is 
reason to assume that stabilizers made of the listed materials will behave differently in the composition of SMA, as 
they have different values of density, porosity and adsorption capacity to bitumen.
The research results, presented in Tab. 3, show that the best physical and mechanical properties are shown by 
SMA with a stabilizing additive made of cardboard.
Table 3. Physical and mechanical properties of SMA-15
Parameter Value of GOST 31015-2002
Stabilizing additives of:
cardboard newspaper whatman
Compressive strength [MPa] at 
50 °C, no less than
0.65 1.38 1.21 1.25
Fracture resistance - ultimate compressive strength at 
the split, 
at 0 °C [MPa]
2.5-6.0 3.22 3.0 3.15
Shear resisitance: Index of internal friction, no less
Shear strength at 50 °C [MPa] no less
0.93
0.18
0.95
0.31
0.95
0.24
0.93
0.27
This is conditioned by higher adsorption capacity of cardboard fiber. The runoff index of mixture with cardboard 
and whatman stabilizing additive at the same particle size distribution and the same bitumen amount is 0.10 and 0.17 
respectively.
5. Findings
The polyamide fiber stabilizing additive has high reactivity to bitumen, due to the presence of amide, amine, and 
carboxyl groups and active adsorption sites on its surface, and provides the high quality of SMA. 
Stabilizing additives made of cellulose fibers of various origins differ in fibers structure and porosity, which is 
reflected in their interaction with bitumen and in the properties of SMA.
6. Conclusion
One of the decisive factors influencing the processes of SMA structure formation and providing high physical 
and mechanical properties and durability of a material is the interaction of bitumen with the surface of stabilizing 
additives. Differences in chemical composition and surface properties of fibrous materials substantially influence the 
nature of the sorption processes at the interaction with bitumen, which should be considered when choosing a source 
material for stabilizing additives production. 
The use of a fibrous material having high sorption capacity provides the obtaining of stone-mastic asphalt 
concrete of high quality.
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